Introduction
Historically, the approach to measuring the amount of environmental contaminants to which people are exposed has been to measure the concentration of a specific chemical, or class of chemicals, in the media of interest, i.e., air, soil, water, etc. These concentrations are then used with activity patterns and other data to estimate exposure. This is an excellent approach when investigating specific issues as evidenced by the examples of Weisel et al. (1992) , Alder et al. (1993) , Lindstrom et al. (1994) , Lawryk et al. (1995) , Clayton et al. (1993) , Esteban et al. (1996) , Freeman et al. (1997) , and Lioy et al. (1998) . Given the variety of individual studies of environmental contamination in various media, it became apparent that to adequately estimate the total amount of pollutant that might affect a person, all media and routes of exposure would need to be considered. The National Human Exposure Assessment Survey (NHEXAS) is a federal interagency-funded effort intended to provide the data needed to estimate the total exposure of the general population to a variety of chemicals commonly found in the environment (Sexton et al., 1995) .
The NHEXAS studies are envisioned as an ongoing series of studies focusing on various geographic and/or population groups. The current NHEXAS studies include one in the State of Arizona, the subject of this article, one in U.S. Environmental Protection Agency (EPA) Region 5, and a temporal-based study in the Baltimore, Maryland area. Additional total exposure studies include one for evaluating the exposure of children to pesticides in Minnesota and a study in the U.S.±Mexico border region of Arizona comparing the border area with the remainder of the state.
Each NHEXAS field study was designed as a probability-based population study that will allow extrapolation of study results to the larger population. The NHEXAS will provide a relatively complete comprehensive exposure characterization Ð multiple chemicals and chemical classes, multiple pathways and routes Ð for each individual in the sample. The chemical classes measured include metals, pesticides, and volatile organic compounds (VOCs).
The surveillance measurement techniques used include a combination of questionnaires, diaries, interviews, environmental and microenvironmental monitoring, personal monitoring, and biological monitoring. The measured parameters include sociodemographic and residential characteristics, time ± activity patterns, exposure factors (e.g., food and water consumption patterns), environmental pollutant concentrations, and biological concentrations in blood and urine.
Arizona NHEXAS
Arizona is the fifth largest state in area in the continental United States. It has a wide range of geographical and climatological features typical of the desert Southwest. This diversity in altitude, temperature, and precipitation provides an ideal setting to monitor for trends in multimedia exposure. Table 1 , which contains data for four representative cities in Arizona, illustrates this diversity of climate and elevation. Arizona also has a mixture of urban areas, and mining, agricultural, retirement, and minority communities. This diversity gives a population with a variety of potential exposure scenarios.
The Arizona NHEXAS (NHEXAS-Arizona) is designed to provide estimates of the exposures to hazardous chemicals for the population of Arizona. The study is primarily concerned with residential exposures although questionnaire and time-activity pattern data will address other potential exposures. The specific objectives of the study include (Lebowitz et al., 1995) :
To document the occurrence, distribution, and determinants of total exposure to the general population, .
to characterize the 90th percentile of total exposure to each pollutant, .
to monitor geographic and temporal trends of the multimedia exposure, . to evaluate the different media, personal, time-activity, and geographical factors that contribute to total exposure, . to assay biomarkers in blood and urine for the target pollutants, . and to assess total exposures in minority and disadvantaged subsets of the population.
This report provides an introduction and overview of the NHEXAS-Arizona study, with more details provided in other reports in this volume (O'Rourke et al., 1999a,b,c) .
The demographics of the study population compared with the U.S. Census demographics for Arizona, and the concentration distributions of three representative chemicals, benzene for volatiles, lead for metals, and chlorpyrifos for pesticides in the study population are presented.
Methods
The NHEXAS-Arizona used a probability-based sampling design (Lebowitz et al., 1995) to select participants in a three-stage sampling design (Figure 1 ). The first stage (Stage I) consisted of approaching approximately 1200 households (954 households actually participated) to obtain participants to complete descriptive questionnaires. A subset (Stage II) of 505 participants additionally completed baseline questionnaires, and soil and dust samples were collected for screening analyses. A subset of 179 Stage II homes (Stage III) was intensively sampled for outdoor soil, house dust, drinking water, indoor and outdoor air samples, VOCs, dermal wipes for metals and pesticides, 24-h duplicate diet, and blood and urine samples in addition to the questionnaire and diary data for time-activity and food.
Two departures were made from the strict probability design. First, to truly represent the population of Arizona rather than just the metropolitan areas, since more than 90% of the population resides in the Phoenix and Tucson areas, the primary sampling areas were drawn, with replacement, until each of the 15 counties was represented. Second, the primary participants within the household were selected in a manner designed to obtain approximately one third of the participants from the less than 18-age group since children are considered a highly vulnerable subpopulation.
The methods used for the analyses presented here include: metals by inductively coupled plasma-atomic emission spectroscopy (ICP-AES), inductively coupled plasma-mass spectrometry (ICP-MS) and X-ray fluorescence (XRF) (screening), pesticides by gas chromatography (GC) (screening) and gas chromatography/mass spectrometry (GC/ MS), and VOCs by GC/MS. Details of the hypotheses to be tested, study design, methods, media, and analytes can be found in Lebowitz et al., 1995 .
Results and discussion
The NHEXAS-Arizona is a complex study involving the identification and measurement of multiple environmental contaminant classes in multiple media. The study is designed to provide baseline data on the distribution of contaminants in the residential environment that can be extrapolated to the population of Arizona. By comparing the demographics of the study participants with the 1990 Census and 1996 Census estimates of the Arizona population, an estimate can be made 
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The National Human Exposure Assessment Survey ( NHEXAS) study in ArizonaÐintroduction and preliminary results of how well the probability sample used for the study represents the population of Arizona. This is done by comparing 1990 U.S. Census data for Arizona with data collected from the NHEXAS-Arizona participants using descriptive and baseline questionnaires. Comparisons are made on age, gender, and race/ethnicity. Data are presented for the entire study population, the primary respondents for each household (Stage I), the primary respondents for diary and screening level data (Stage II), and the primary respondents for the intensive sampling (Stage III).
Preliminary distributions of media concentrations are presented for the representative pollutants for each class. These are lead, for metals; benzene, for VOCs; and chlorpyrifos, for pesticides. Concentrations are given for the 50th and 90th percentiles of each example pollutant for each media.
Age
The age distributions of the groups of study participants and the 1990 Census, for comparison purposes, are presented in Table 2 . The``all participants'' category includes all identified household members of those households participating in the study. Age data were collected for 3175 individuals (total N =3204). The``primary participant'' is the person in the household who completed the baseline and descriptive questionnaires. A total of 950 of 954 primary Stage I participants supplied age data. All 505 Stage II primary participants provided age data. Age data are also given for all 179 Stage III participants. The``Stage III participant'' is the individual, in those households selected for the complete environmental sampling, who provided the biological (blood and urine) samples, duplicate diet samples, and time activity and food diaries. The Census data are from 1990; the 1996 estimated Arizona Census data are also presented (U.S. Census Bureau, 1997a) . The age used for this comparison is the subject's age at the time of descriptive questionnaire administration during the period June 1995 through February 1998.
The percentage of``all participants'' in each age range compares well with the 1990 Census data, and better with the 1996 Estimated Census data (U.S. Census Bureau, 1997a) . Differences are seen in the``primary participants'' categories for all stages. Some of these result from the study design and others may need further investigation or be anomalies of the probability design. In the study design, extremely young children (less than 5 years old) were not selected as primary participants because of the difficulty in obtaining biological samples and diary data. The low percentage in the age 5 ±9 range also results from parental concerns in collecting the biological samples. The shift of the mode from ages 25 ± 34 (mode 17.4%) in the 1990 Census data to ages 35± 44 (mode 15.9%) for the Stage III data is due to the aging of the population as confirmed by the 1996 estimated census data. The increase in the over 55-age groups is likely from the influx of retirees into Arizona in recent years. Some oversampling of the over 55-age groups may occur from random blocks selected in retirement communities. These blocks would consist of nearly all residents in the over 55-age groups, compared with a typical residential area that would have a wider distribution of ages.
Race/Ethnicity
The race/ethnicity distribution of the study participants and the 1990 Census, and 1996 Census estimates, for State of Arizona residents is provided in Table 3 (U.S. Census Bureau, 1997b) . The NHEXAS-Arizona follows the general trends of the 1990 Census data, with most of the population being white with limited numbers of other races. The major discrepancy is in the Other and Hispanic categories. There is a difference in the percentage of Hispanics between NHEXAS-Arizona and the Census data, with 42% of the NHEXAS-Arizona``all participants'' and 30% of the Stage III participants being Hispanic, while only 18% of the population was Hispanic in the 1990 Census (U.S. Census Bureau, 1997b) . Several factors may contribute to the difference in the percentage of Hispanics found in the NHEXAS-Arizona and the Census. This may be due to the way the questions are asked and a lack of participant understanding of the difference between race and ethnicity (de la Puente, 1995) . The Census also tends to undercount minority and low-income segments of the population (de la Puente, 1995). The NHEXAS-Arizona made special attempts to avoid under-representing the Hispanic community. These efforts included questionnaires in both English and Spanish, and bilingual field teams. Participant response rates were more than 90% in Hispanic communities, with response rates in the 70% range common in other communities. Race and ethnicity are nonexclusive categories (e.g., one could be White, Hispanic or Black, Hispanic) so that percentages in Table 3 do not add up to 100%.
The American Indian population is also under-represented in NHEXAS, about 3%, versus 5% for the Census data (U.S. Census Bureau, 1997b) . This is due to some Tribal Agencies not allowing access to their people.
Gender
The gender of the total group of study participants agrees well with the 1990 Census data. As shown in Table 4 , the values are within 0.2% of the Census values (U.S. Census Bureau, 1997a) . The percentages become skewed for the primary participants (60% female in Stage I, 62.6% female in Stage II, and 61.1% female in Stage III). This means that weighting factors will need to be applied when extrapolating gender-related data to the population of Arizona. Possible contributions to the difference in the gender ratio for the Census and Total Participants compared with the primary participants are: of the single-person households participating, eight were male and 15 were female. Single-parent households are more likely to have a female head of household. There may also have been a higher percentage of females in the retirement communities due to a higher female longevity rate. The National Human Exposure Assessment Survey ( NHEXAS) study in ArizonaÐintroduction and preliminary results Robertson et al.
Lead
Lead is the metal selected as the representative pollutant for this preliminary data analysis. Lead is important from a public health standpoint because of a long history of toxic effects. The most vulnerable segment of the population is considered to be preschool-age children and fetuses (ATSDR, 1992) . This is the age group that lead standards for environmental levels are designed to protect. ATSDR (1992) cites many references that have limits for lead concentrations in soil of 500 g /g. Regan and Silbergeld (1989) propose a standard of 100 g /g for lead in exposed residential soil. The 90th percentile of 92 g/g for NHEXAS-Arizona yard soil is under these levels. The 90th percentile lead in drinking water concentration of 1.4 g/l found in NHEXAS-Arizona is well under the 15 g/l maximum contaminant level (MCL) (U.S. Environmental Protection Agency, 1994).
Data are presented in Table 5 for the 50th and 90th percentiles of the distribution of lead in the various media. The distributions are provided for typical media, house dust in Figure 2 , and food in Figure 3 . The XRF screening data are used for the dust, soil, and air samples because of the high detection limits for lead using the confirmatory ICP-AES analytical method. Data are not presented for lead in dermal wipes or sill wipes because of the low incidence of detects (four of 160 samples) using ICP-AES. These samples were not analyzed using XRF.
Chlorpyrifos
Chlorpyrifos is the representative pesticide pollutant selected for this preliminary report. Chlorpyrifos is an organophosphate pesticide that is widely used for insect control, especially in structural applications for termite control in new housing. Data are presented in Table 6 for the 50th and 90th percentiles of the distribution of chlorpyrifos in the various media. The 50th percentile was above the detection limit only for sill wipes and indoor air. Detectable levels were present at the 90th percentile for all environmental media except outdoor air and yard soil. Figures 4 and 5 show the distribution of chlorpyrifos in house dust and indoor air, respectively. The anomaly in the house dust distribution is due to a high detection limit for one batch of samples of 0.79 g/g. The detection limit for the remainder of the samples is 0.08 g/g.
Benzene
Benzene is the representative VOC pollutant selected for this preliminary report. Benzene is of interest because benzene exposure has been related to the incidence of , 1994) . Data are presented in Table 7 for the 50th and 90th percentiles of the indoor air, outdoor air, and drinking water. Benzene levels were below the detection limits for outdoor air and drinking water at the 50th percentile. The 90th percentile of the distribution of benzene in drinking water for the NHEXAS-Arizona study is 0.04 g /l. The MCL for benzene in drinking water is 5 g /l (U.S. Environmental Protection Agency, 1994). The highest concentration was found for indoor air, with a value of 18.6 g/m 3 compared with 3.6 g/m 3 for outdoor air, or five times higher. For comparison, the increased lifetime risk of cancer is 1 in 10,000 for a lifetime benzene exposure of 13.0 to 45.0 g/ m 3 (U.S. Environmental Protection Agency, 1998). Figure 6 shows the distribution of benzene in indoor air.
Lessons Learned
One purpose of the NHEXAS was to evaluate the usefulness of screening and other techniques in the measurement of human exposure. Of the analytical techniques tested, the XRF for measuring metals was used successfully as a screening method when the field portable instrument was used in fixed laboratory mode. Instrument stability problems were encountered when the XRF was used as a portable instrument. This posed no problem, since the samples were returned to the project laboratory for sieving and splitting for the confirmatory laboratory.
A screening technique that was tried and abandoned because of a lack of detects was a handheld VOC screening instrument that used a photoionization detector. These instruments are commonly used for safety monitoring, but were not sensitive enough to provide an indication of VOC levels in the residential environment.
An enzyme-linked immunosorbent assay (ELISA) was evaluated for screening of soil and dust samples for pesticides. Under the conditions of the study, it was determined that a traditional extraction and GC analysis was more economical.
Summary and conclusions
The NHEXAS-Arizona study generated a large amount of data. This report provides an introduction to the study and examples of the data collected. The population demographics are compared with the U.S. Census data for Arizona showing that the study population is generally similar to the population of Arizona with the largest differences in gender and percentage of Hispanics. Data on the distribution of representative compounds in each of the three pollutant classes (metals, pesticides, and VOCs) in various environmental media are presented. The levels of the representative pollutants (lead, chlorpyrifos, and benzene) were generally low with few values approaching levels of concern. Additional reports in this volume provide more detailed results on specific pollutants (O'Rourke et al., 1999a,b,c) .
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